Abnormalities of proteoglycan, collagen, and elastic fibers were found in floppy mitral valves. Perlecan is one of the three major classes of heparan sulfate proteoglycans within the cardiovascular system. The role of perlecan genetic variant in mitral valve prolapse (MVP) has not been studied. We therefore performed a case-controlled study investigating the possible relation between the perlecan gene intron 6 BamHI polymorphism and MVP among the Chinese population in Taiwan.
MITRAL valve prolapse (MVP) appears to be one of the most common cardiac valvular disorders. It is characterized by a redundant, floppy mitral valve, sometimes complicated by prolapse and mitral regurgitation. Myxomatous degeneration of the valve leaflets is recognized as a characteristic histological change in floppy mitral valves (FMV). 1, 2) FMV leaflets have a large central zone of loose myxomatous connective tissue. Histochemically, the myxomatous changes correspond to accumulations of proteoglycans.
2) This zone focally extends into the fibrosa, producing disruption of the collagen. In the myxomatous areas, the collagen bundles are short, fragmented, disoriented, and separated by proteoglycans. Myxomatous areas with associated collagen dissolution are present in the fibrosa and chordae tendineae of FMV.
3) The structural changes in the arrangement of both the amorphous elastin core and the microfibrils of elastic fibers associated with an increase in the number and a decrease in the size of the elastic fibers have been examined in myxomatous areas of FMV. 4) These alterations in the connective tissue of FMV are involved in the pathological process. 3, 4) Nevertheless, the pathogenesis of the connective tissue changes in FMV remains uncertain.
Heparan sulfate proteoglycans (HSPGs) are a family of highly charged macromolecules consisting of different core proteins with covalently linked sulfated polysaccharide chains (heparan sulfates) of varying monosaccharide sequences which serve as protein ligands mediating many biological processes. 5) HSPGs are essential components of cell surfaces and extracellular matrices in the cardiovascular system. The perlecan, sydecan, and glypican core protein families constitute the major HSPGs generated within the cardiovascular system. 6) Perlecan, a multidomain heparan sulfate proteoglycan, is an intrinsic component of all basement membranes and extracellular matrices. It is suspected that genes coding for perlecan are implicated in MVP. Schwartz-Jampel syndrome is a rare autosomal recessive skeletal dysplasia associated with myotonia, and was recently ascribed to mutations of the perlecan gene.
7)
The perlecan gene is located on chromosome 1p36.1-p35. 8) The gene is composed of 94 exons, spanning > 120 kbp of genomic DNA. The polymorphic intron 6 BamHI restriction site was mapped to domain I. Domain I, near the Nterminus, appears unique for the proteoglycan, since it shares no significant homology with any other proteins. Domain I contains the putative attachment sites for the heparan sulfate side chains that regulate heparan sulfate synthesis in the basement membranes and extracellular matrices. 8, 9) Domain I is therefore an obvious candidate region in the search for defects associated with accumulations of proteoglycans in the myxomatous areas of FMV, and the BamHI polymorphism may be a marker of this. No other polymorphisms were reported to be identified. 8) Because there are no data currently available regarding the role of perlecan gene intron 6 BamHI polymorphism in the pathogenesis of MVP, the present study was designed to determine whether the intron 6 BamHI polymorphism (a single base substitution from thymine to guanine at the polymorphic BamHI site identified in position 97-102) of the perlecan gene is associated with the risk of MVP in the Taiwanese population. The study was approved by our hospital's institutional research ethics committee and informed consent was obtained from all participants. Echocardiography: Echocardiographic examination (Hewlett-Packard Sonos 2500, Cupertino, CA, USA) was performed according to the recommendations of the American Society of Echocardiography.
10) The diagnostic criteria of MVP included displacement of the leaflet edges, and increased thickness and redundancy of the mitral valve.
11) The degree of displacement of each leaflet in the parasternal long-axis 2-dimensional view was measured as the perpendicular from the line connecting the mid-portions of the annular hinge points to the point of greatest prolapse of each leaflet on the frame 0.1 second before mitral valve opening. Thickness of the mitral valve was measured from each leaflet of the mitral valve in diastole from the parasternal long-axis 2-dimensional view from a diastolic still frame when the leaflet was most perpendicular to the transducer. The marginal leaflet thickness was measured from the leading edge to the trailing edge at the thickest aspect of the leaflet tip.
11) The severity of mitral regurgitation was estimated in the parasternal long-axis view by color Doppler echocardiography. 12) In order to take into account the wide variability in expression of the disease, patients were classified according to the following criteria: (1) a positive diagnosis was made when patients had a redundant valve with a leaflet thickness ≥ 4 mm and a total leaflet displacement ≥ 2 mm; (2) a case was regarded as severe when the patient had a valve thickness > 6 mm or a total leaflet displacement >8 mm, or significant mitral regurgitation (grade ≥ 2 assessed according to the criteria of Miyatake, et al 12) ). Genotyping of the perlecan gene intron 6 BamHI polymorphism: The genomic DNA was prepared from peripheral blood leukocytes using a genomic DNA isolation kit (Blossom, Taipei, Taiwan). Polymerase chain reactions (PCRs) were carried out to a total volume of 50 µL containing genomic DNA, 2-6 pmol of each primer, 1X Taq polymerase buffer (1.5 mM MgCl2), and 0.25 units of AmpliTaq − − − DNA polymerase (Perkin-Elmer, Foster City, CA, USA). The perlecan gene intron 6 BamHI polymorphism was typed by the restriction fragment length polymorphism (RFLP) method. Primers for BamHI polymorphism were (forward) 5'-CATGTCCCATGCCCCACGTGTGCT-3' and (backward) 5'-ATTGTAGCTGTGGCAGGCAAACTC-3'. The primers were designed according to the sequences of human perlecan gene.
8) The PCR amplifications were performed in a GeneAmp PCR System 2400 programmable thermal cycler (Perkin-Elmer). The cycling conditions were set as follows: one cycle at 94°C for 5 minutes, 35 cycles at 94°C for 30 seconds, 58°C for 30 seconds, and 72°C for 40 seconds, and one final cycle of extension at 72°C for 7 minutes. The PCR product of 250 bp was mixed with Bam HI restriction enzyme (New England BioLabs, Beverly, MA, USA) and the reaction buffer, according to the manufacturer's instructions. Two fragments measuring 150 and 100 bp will be present if the product is able to be digested. The reaction was then incubated at 37°C overnight, and then 10 µL of the digested products was loaded into a 3% agarose gel with ethidium bromide staining and separated by electrophoresis. The perlecan gene intron 6 BamHI polymorphism was categorized as indivisible homozygote (TT), divisible homozygote (GG), and heterozygote (TG) (Figure) . Statistical analysis: Differences in genotype distribution between patients with MVP and control subjects were tested by a χ 2 test with 2 degrees of freedom (df). For statistical analysis of the allelic frequency distribution in the perlecan gene intron 6 BamHI polymorphism, the two groups were compared using the χ 2 test with 1 df. Allelic frequencies were calculated from genotype frequencies in patients with MVP and control subjects. The differences among the mild, severe MVP, and control groups were estimated by a χ 2 test with 4 df. All statistical analyses were performed with NCSS 2000 Software (Kaysville, Utah, USA). A value of P < 0.05 was considered statistically significant. Table I shows the main characteristics of the case and control groups. Blood pressure and body mass index were significantly lower in patients with MVP in comparison with control subjects. Of the 100 patients with MVP, 30 (30%) were male and 70 (70%) were female. Seventy-one (71%) patients were 40 years old and 29 (29%) were > 40 years old. There were no cases of mitral chordal rupture. All patients had mitral regurgitation on color Doppler echocardiography. The mitral valvular regurgitation (MVR) was mild (grade 1+) in 72, moderate (grade 2+) in 24, and moderate to severe (grade 3+) in 4. Among them, 14 males and 32 females had severe MVP. The remaining patients had mild MVP.
RESULTS
The distribution of perlecan genotypes and allelic frequencies among cases and controls are shown in Table II . For the perlecan gene intron 6 BamHI polymorphism, we confirmed that the genotype proportions in the control population fit the Hardy-Weinberg equilibrium estimated by the χ 2 test. Examination of the distribution of perlecan genotypes and allelic frequencies showed no significant difference in the perlecan gene intron 6 BamHI polymorphism (χ 2 = 3.19, P = 0.20; χ 2 = 0.09, P = 0.76, respectively) between patients and controls. Values are mean ± SD.* P < 0.01 versus control. SBP = systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index.
As shown in Table III , there were no statistically significant differences in the distribution of perlecan gene intron 6 BamHI polymorphism (χ 2 = 4.45, P = 0.35) among the mild and severe MVP subgroups and control group.
DISCUSSION
Since Barlow's description, 13) a variety of names have been given to mitral valve prolapse, including the click-murmur syndrome, the floppy mitral valve syndrome, myxomatous mitral valve, and idiopathic mitral valve prolapse. Although most cases appear to be sporadic, echocardiographic screening of families for MVP has suggested autosomal dominant inheritance of the trait with an age and sex dependent expression. 14, 15) Previous linkage studies performed on a few familial MVP affected pedigrees detected by 2-dimensional echocardio- grams have failed to find the involvement of four collagen genes. 16) The fibrillin1gene, when mutated, causes Marfan syndrome in which MVP and annuloaortic ectasia are common. 17) Identification of the locus for autosomal dominant myxomatous MVP to chromosome 16p11.2 -p12.1 was reported. 18) In addition, Xlinked inheritance has been reported in a special form of familial MVP, called myxomatous valvular dystrophy, which has been mapped to Xq28 in a large French pedigree. 19) Low blood pressure and autonomic dysfunction may be regarded as a phenotypic feature of MVP. 20, 21) The renin-angiotensin system was hypothesized to be involved in the pathogenesis of mitral valve prolapse syndrome (MVPS). 22) In recent years, an association between the angiotensin II type 1 receptor (AGTR1) gene A1166C polymorphism and MVP in a Caucasian population has been reported. 23 ) However, we did not find an association between AGTR1 gene A1166C polymorphism and MVP in our population.
24) The difference might be caused by ethnic factors. We did observe an association between angiotensin I-converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism and MVPS in our population. 25) The increased risk of MVPS associated with the I allele of the ACE was observed. We found that the patients with MVPS had a higher frequency of ACE II genotype than controls. A population-based analysis of unrelated individuals with I/D polymorphism showed an association between this polymorphism and plasma ACE levels. This association followed an additive pattern with DD and II genotypes being associated with high and low ACE levels, respectively, and ID heterozygotes being associated with an intermediate level. 26) Although the relation of I/D polymorphism and blood pressure was controversial, several studies found a significant association between I/D polymorphism and blood pressure. This finding might explain why our MVPS patients had low blood pressure. A germline mutation of the thyroid-stimulating hormone receptor (TSHR) gene was reported to be associated with thyrotoxicosis and MVPS in a Chinese family. 27) They postulated that TSHR activation might increase the clinical expression of MVP in genetically predisposed individuals. However, we did not find an association between the polymorphisms of codon 727 and 52 of the TSHR gene and MVPS in our population.
28) It is well recognized today that the FMV is the central issue in the FMV-MVP-MVR story. Histological and ultrastructural analyses of FMV show nonspecific alterations of collagen and elastin and accumulation of proteoglycans (often called myxomatous infiltration). We also observed an association between COL3A1 collagen gene exon 31 polymorphism and risk of MVP in our population.
29) The cohorts of MVP patients included in the studies of AGTR1 A1166C polymorphism, ACE I/ D polymorphism, TSHR codon 727 and 52 polymorphisms, and COL3A1 collagen gene exon 31 polymorphism were the same as those included in the present study. The more than one association means the MVP is a complex or multifactorial gene-associated disease.
In the FMV, myxomatous changes were observed mainly in the spongiosa and extended diffusely into other layers. The cellular components of the mitral valve leaflets, that is, fibroblasts, myofibroblasts, and poorly differentiated mesenchymal cells, were observed mainly in the spongiosa. 4) Perlecan is an intrinsic component of all basement membranes and extracellular matrices, and also appears on cell surfaces. Perlecan is secreted by multiple cell types including vascular endothelial cells, smooth muscle cells and fibroblasts, and is implicated in cell growth and differentiation, through interactions with growth factors, cell surface receptors, collagens, laminin, and other components within basement membrane and extracellular matrices. [5] [6] [7] In European insulin-dependent diabetes mellitus patients an intron 6 BamHI polymorphism at the putative heparan sulfate attachment site is reported to be associated with reduced risk of albuminuria, 8) itself a risk factor for vascular disease in diabetic patients. Altered expression of perlecan has also been identified in proliferating vascular smooth muscle cells and has an association with the severity of atherosclerotic lesions. 30) In Australian Caucasians undergoing coronary angiography the perlecan BamHI polymorphism was reported to be associated with lower apo B levels but unrelated to the presence or absence of significant coronary artery disease in this population. 31) The perlecan abnormality was thought to be one of the possible changes that initiated the pathological sequence in MVP. Arikawa-Hirasawa, et al. reported that they identified five different mutations that resulted in various forms of perlecan in three unrelated patients with Schwartz-Jampel syndrome (SJS).
7) The SJS mutations resulted in different forms of perlecan in reduced levels that are secreted to the extracellular matrix and are likely partially functional. This is a report regarding the relation between the perlecan genetic variants and its structure and function. Therefore, the role of perlecan genetic variants was hypothesized to be involved in the pathogenesis of MVP. The present study used a method of PCR-based restriction analysis to approach the single nucleotide polymorphism. In this case-controlled study, we did not find an association between perlecan gene intron 6 BamHI polymorphism and risk of MVP.
Since the perlecan gene polymorphism was hypothesized to be associated with the severity of MVP, we studied the distribution of the perlecan gene intron 6 BamHI polymorphism in the mild and severe MVP subgroups. Our results show no evidence of an association of the perlecan gene intron 6 BamHI polymorphism with the severity of MVP. Other factors should be considered to be involved in the progression of MVP. Reactive fibrosis is known to occur in FMV, particularly near their surfaces, presumably as a consequence of mechanical trauma related to the excessive mobility of the leaflets. 32) Transforming growth factor-β1 (TGF-β1) was proposed to be involved in the fibrotic process. 33) However, we did not find an association between TGF-β1 gene polymorphisms and MVP in our population. 34) In conclusion, this study shows that the intron 6 BamHI polymorphism of the perlecan gene is not a suitable genetic marker of MVP among the Chinese population in Taiwan. Further studies are needed to clarify the pathogenesis of MVP.
